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Stock Assessment of Haliporoides triarthrus 
(Fam .. Solenoceridae) off Mozambique: 
A Preliminary Analysis 
by 
E. TORSTENSEN and H. PACULE 
The pink shrimp, Haliporoides triarthrus, is an important species in the deep-water shrimp fishery 
in Mozambique. Total catches are in the range of 1,500 to 2,700 tonnes, with the pink shrimp 
accounting for 70-90%. Estimates of growth parameters and of natural mortality are used for a 
preliminary assessment of the fishery, based on length-structured virtual population analysis and 
yield-per-recruit analyses. With an arbitrarily chosen terminal fishing mortality F, theresultsindicate 
a situation of overfishing, but realistic parameters must be acquired in order to diagnose the state of 
the stock. 
RESUMO 
A gamba rosa, Haliporoides triarthrus, e uma especie importante na pescaria de camarao de 
profundidade em Mo9ambique. As capturas totais variam entre 1 500 e 2 700 toneladas constituindo 
esta especie 70-90%. Estimativas dos parametros de crescimento e mortalidade natural foram 
utilizados para uma avalia9ao preliminar da pescaria, com base em analise de popula95es virtuais e 
analise do rendimento por recruta. Com uma escolha de urn valor arbitrario para a mortalidade de 
pesca terminal F, os resultados indicam uma situa~ao de sobrepesca, mas recomenda-se que deverao 
ser usados parametros recis para diagnosticar o estado do stock. 
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INTRODUCTION 
The pink shrimp, H aliporoides trianhrus Stebbing 1914, belonging to the family Solenoceridae, has 
so far only been found off the southeastern coast of Africa, from Mozambique to South Africa 
(Freitas, 1985). In Mozambique, H. triarthrus is found between 300 and 800 m depth, with the main 
concentration from 400 to 600 m (Brinca et al., 1983; Torstensen, 1989). 
The deep-water shrimp fishery in Mozambique takes place south ofN 21 ooo•, and mainly south of 
N 24 °30'. The fishery was performed by licensed vessels from the German Democratic Republic 
(GDR), Spain, South Africa and the USSR. The catches ranged from 1500 to 2700 tonnes per year 
during the period 1980-1986. H. triarthrus is the most important species, contributing to 70-90% of 
the commercial catches (Torstensen, 1989). 
Studies on the biology of H. triarthrus were reported upon by Brinca et al. (1983 ), Berth et al. (1984), 
Freitas ( 1985) and Tors ten sen (1989). The maximum length reported is CL = 55.8 mm for females 
and CL = 49.8 mm for males (Freitas, 1985). Preliminary stock assessments of the deep-water shrimp 
in Mozambique have been made by Ulltang (1980) and Torstensen (1989). However, these 
assessments have suffered from unreliable catch data and lack of growth parameters. 
This report presents preliminary estimates of growth parameters of H. triarthrus derived from length-
frequency data sampled during 1985-1987 in southern Mozambique, as well as mortality rate 
estimates, and an assessment of the fishery based on these inputs. All computations were performed 
using the Compleat ELEFAN software package described in Pauly (this vol.). 
MATERIALS AND METHODS 
Length-frequency data were collected monthly from biological sampling of catches on board a GDR 
vessel. The length measured is the carapace length (CL), measured from the posterior orbital margin 
to the middorsal posterior edge of the carapace. The range of observed CL values was 9-49 mm for 
females and 7-43 mm for males. The length-frequency data were entered in 2-mm classes, then raised, 
using factors relating sample weight to catch, to the total GDR catch. 
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Fig. 1. Mozambique, with the most important areas for deep-water shrimp fishery. 
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Monthly length distributions from 1985 to 1987 from Inhaca and Boa Paz (Fig. 1) were pooled by 
addition of frequencies and regrouped into 4-mm classes. The data were then pooled by month to 
provide an average year, representative of a steady-state population. The data estimated for the 
average year are presented in Table 1, for both females and males. The growth equation used in the 
ELEFAN I program is a version of von Bertalanffy growth formula or VBGF (Pauly, 1984) which 
considers seasonally oscillating growth, i.e.: 
Table 1. Pooled length-frequency data of female and male H. triarthrus in an average year, based on data from 1985 to 1987 from lnhaca and Boa Paz areas. 
a ... I on. Feb. Mar. Apt. May lun. 
(CL,mm) P/M P/M P/M P/M P/M P/M 
6 • I 
10 635 I 8504 I 6:1.7 3001 I 339 ow I 2114 
14 9339 I 3769 63S I 77211 I 21197 10956 I 6115 6930 I 8639 
18 412.59 I 31539 63S I 10776 7757 I 9056 27659 I 16734 14004 I 14487 13069 I 13612. 
22 2.2966 I 13292 18069 I 24121 32.262. I 382.2.1 100690 I 91718 56953 1 38280 99211 I 85998 
26 32JJ46 I 49409 12.681 I 13951 41282. I 67884 12942.6 I 160675 047175 1 69131 712.88 I 159859 
30 119488 I 990855 36195 I 212414 83714 I 2.2.1878 155212 I 615001 130405 1783727 168418 I 596835 
34 977186 I 972119 163956 I 313038 111011 I 85819 363862 I 412.346 612595 I 902001 S54m I 115658 
38 889764 I 82925 182.353 I 21880 45590 I 6450 208102. I 19563 2.93849 1 38951 2.63068 I 17999 
42 421732 I 128135 I 18861 I 118588 I 163007 I 24 86309 I 1131 
46 W290 I 10469 I 1401 I 11851 I 10311 1 12.868 I 
so 393 I • I • I • I 1285 I 202 I 
Sum 2540463 /2l44008 554353 I 656846 341938 I 429308 113162.2. 11319561 1405541 /1853667 1276476 11600015 
M. Aug. Sep. 
P/M P/M P/M 
• I 244 
635 I 244 • I 744 I 1459 
2JJ990 I 13156 10450 I 4346 21164 I 3370 
9455 I 14379 1912.1 I 15915 142.59 I 14670 
112003 I 108371 52641 I 47019 52697 I 58713 
118401 I 82085 SS922 I 82.303 121393 I 214673 
95989 I 645843 107746 I 385697 216851 I 793618 
593705 11024532 448634 I 986766 562666 /1167538 
356565 I 4532.3 434747 I 164581 518672 I 38404 
94563 I 132.32.1 I 754 155668 I 316 
1572.8 I 16409 I 11116 I 
260 I 2:1.7 I 
141802.2. /1934177 1278251 /1687381 1657157 /2292761 
Oct. 
P/M 
7083 I 996 
73380 I 39243 
16998 I 23293 
90642. I 13056 
110260 I 12.9188 
130781 I 539312 
52655 11003765 
645251 I 1320S 
138865 I 1644 
1032.9 I 
1750146 /1883702. 
Nov. Dec. 
P/M P/M 
688 I 465 
9801 I 7004 1759 I 
31564 I 31937 19306 I 142.11 
2.2.082 I 28948 35268 I 39307 
94035 I 1661W 75619 I 136154 
321503 /12.32100 199135 I 616321 
424593 I 626631 315405 I 462882 
29889S I 45484 278376 I 2:1.721 
108797 I 2.33 106898 I 
13678 I 7069 I 
2.33 I 234 I 
1325869 /214552.2 10390696 /13S2.202 
..... 
""'! 
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where Loo, K and t0 are defined as in the standard von Bertalanffy formula (von Bertalanffy, 1938), 
the parameter C expresses the amplitude of the growth oscillations and "t5" is related to the winter 
point used in ELEF AN I b) t5 + 0.5 = WP (the winter point is the period of the year when growth 
is slowest, see Pauly, this vol.). To estimate the parameters Leo, K, C and WP, the following are 
assumed: 
the samples are representative of the population; 
the length differences in time are predominantly due to differences in age; 
growth is the same from year to year, and 
growth follows the seasonally oscillating VBGF. 
ELEFAN I searches, given a set of length-frequency data, for the best combination of growth 
paramewrs, defined by the "goodness of fit value" Rn ::: (1 QESP/ASI)/10 (see Pauly, this vol.). This 
search was conducted by first identifying a promising combination of growth parameters identified 
by a "response surface analysis", which allows to vary two growth parameters (e.g., Looand K) in 
an 11 by 11 matrix. These combinations were then refined using the "automatic search routine" of 
ELEFAN I which allows varying all parameters of the VBGF at a time. 
Standard length-convened: catch curves were derived from the data in Table 1 and the preliminary 
growth parameters to derive approximate probabilities of capture, by length [the length-converted 
catch curve newly developed by Pauly (1990) to account for seasonal growth oscillations when 
estimating Z cannot be used for this purpose]. From these, a selection pattern was derived and the 
original data were corrected by dividing each frequency value by the probability of capture (Table 
2A and 2B) for the length group in question. 'l'he corrected length-frequency data were used to obtain 
final estimates of growth parameters using the same approach as described above. 
Then the catch data were used for estimating past population size in number and fishing mortality 
(F), assuming a constant natural monality (M) based on a length-structured v~rsion of VP A. In this 
method, a stable age distribution is assumed, i.e., individual cohorts cannot be identified. Further, 
Table 2. Probabilities of capture of pink shrimp llaliporoides triarthrus off Mozambique. 
Length class 
(CL,mm) 
6 
10 
14 
18 
22 
26 
30 
34 
38 
42 
46 
50 
0.00005 
0.00020 
0.00082 
0.00339 
0.01390 
0.05515 
0.19471 
0.50037 
0.80576 
0.94500 
0.98614 
0.00001 
0.00002 
0.00019 
0.00153 
0.01248 
0.09432 
0.46191 
0.87618 
0.98314 
0.99792 
0.99975 
~and0t> 
0.0001 
0.0008 
0.0071 
0.0136 
0.0494 
0.0904 
0.1840 
0.2272 
0.3963 
1.0000 
1.0000 
0.2198 
a As obtained from the left, ascending arm of length-converted catch curve, and used to 
correct length-frequency data for the effects of selection and/or incomplete recruitment. 
b Probabilities used to simulate the present exploitation pattern, as derived from the length-
structured VP A. Alternative patterns were generated by shifting the entire pattern towards 
smaller length classes, i.e., by increasing F on the smaller shrimps, and reducing F to zero 
on the largest ones. 
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growth is assumed not to oscillate seasonally; the impact of a violation of this assumption (as occurs 
here) was not assessed. 
The length-frequency data were converted to catch-at-length data using total monthly catches (in 
tonnes) in thelnhaca/Boa-Paz area (Table 3). The length-frequency data in the total GDR-fleet were 
converted to total catch assuming that they represent 1/3 of the total catch. The length-weight 
relationships used were for female: W = 0.0032 * CL2.493 and for male W = 0.0009 * CL2·8671 and 
were taken· from Berth et al. (1984). 
It is the total population size and fishing mortality of H. triarthrus which are of practical interest for 
the fishery. Therefore, the female and male catch-at-length data were pooled, and the VPA was run 
using values of Loo = 60 mm and K = 0.8 year-1 representing the population as a whole. 
Yield-per-recruit analyses were performed based on the relative yield-per-recruit (Y' !R) model of 
Beverton & Holt (1966), as modified by Pauly & Soriano (1986) and incorporated into the 
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Table 3. Monthly catch of pink shrimp (H. triarthrus) off Mozambique (in tonnes) 
by GDR vessels in 1985-1987, by sex. Note seasonal peak in October to December. 
(Fig. 4). 
Month Female Male Total 
January 32.432 24.169 56.601 
February 18.290 15.290 33.499 
March 21.796 21.883 43.679 
April 19.080 17.332 36.412 
May 21.455 22.691 44.146 
June 17.645 18.147 35.792 
July 26.543 22.159 48.702 
August· 18.799 21.113 39.912 
September 22.360 24.030 46.390 
October 31.589 33.813 65.402 
November 39.477 46.718 86.195 
December 33.920 35.447 69.367 
ELEF AN II program. Y' 1R were computed using MJK = 2 and the probabilities of capture in 
Table 2C. 
Different fishing regimes were simulated by shifting the pattern of probabilities of capture derived 
from the F-pattern of the length-converted VP A (Table 2C). All conversions from exploitation rate 
(E = FfZ) to F were performed using F = E * M/(1-E). 
RESULTS AND DISCUSSION 
Growth Parameters 
The growth parameters estimated by ELEFAN I for the two sexes are given in Table 4, along with 
some previous estimates, given for comparison. 
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Table 4. Growth parameter estimates of pink: shrimp, H. triarthrus, in Mozambique. 
Source Sex CL00 (mm) K (year-1) q,•a 
C. Silva, liP F 48.7 0.50 3.07 
(pers. comm.) M 38.7 0.70 3.02 
Sanders (1986) F 50.0 0.95 3.38 
M 41.0 1.16 3.29 
This studyb F 62.4 0.78 3.48 
M 48.0 1.08 3.40 
aq,• = log K + 2log Loo (Pauly & Munro, 1984) 
bParameters estimated along with C = 0.57 and WP = 0.67 for females and C = 0.52 and WP = 0.72 
for males. 
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Fig. 2. Seasonal growth of female H. triarthrus off Mozambique. CL00 = 62.4 mm, K = 0.78 year-1, WP 
= 0.57, C = 0.57. A) Growth curve superimposed on actual length-frequency data, B) on data restructured 
by ELEFAN /, as used for fitting. 
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Fig. 3. Seasonal growth of male H. triarthrus off Mozambique, CL00 = 48.0 mm, K = 1.08 year1, WP = 
0.72, C = 0.52. A)Growth curve superimposed on actual length-frequency data, B) on data restructured 
by ELEFAN /, as used for fitting. 
Our Leo values seem to be high compared to the CLmax values of the length-frequency data, especially 
so for the female. However, the <!>'-values, derived from our growth parameter estimates are similar 
to those estimated from values obtained by Sanders ( 1986) which is encouraging, specially when one 
considers that the earlier analyses considered neither seasonal growth nor used length-frequency data 
corrected for selection effects. 
The estimated growth curves are superimposed on the original (A) and restructured (B) data in 
Fig. 2 and Fig. 3 for female and male, respectively. These figures show that there are peaks which 
are not hit by a growth curve. This indicates the presence of a second cohort, a feature also suggested 
by Sanders (1986). The estimated growth curve suggests a life span of about 2-3 years for H. 
triarthrus. 
There are small shrimps in the stock during the whole year, with the main cohort recruiting into the 
catchable stock in October-November (Fig. 4). 
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Fig. 4. Seasonal trend of catches of H. triarthrus off Mozambique (mean data 
for 1985-1987, see Table 4). 
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The value~ of O<C<l imply seasonal oscillating growth. When C<1 growth is never completely 
halted, however. The two growth curves (Figs. 2 and 3) indicate a period of slower growth in the 
wintertime (July-August). The valuesofWP, 0.62 and 0.72, are in accordance with what has earlier 
been found to be "normal" values in the southern hemisphere. 
Data given in Jorge da Silva et al. (1981) indicate a seasonal temperature variation of at least 2·c 
at 400-600 m depth, which is sufficient to induce seasonal growth variation (Pauly et al., 1984; 
Longhurst & Pauly, 1987; Pauly, this vol.). 
Selection Pattern 
The selection patterns are presented in Fig. 5, with CL' 50 indicated. CL' 50 is the length at 50% 
retention estimated from the selection pattern, which may be used in some cases as replacement for 
CL50-values estimated from selection experiments (Pauly, 1986). 
Virtual Population Analyses 
The values for Loo and K used are, for the two sexes combined, derived from the values given above. 
The Loo value appears high, but according to Jones (1987) the value ofLoo used in estimating mean 
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Fig. 5. Segments of length-converted catch curves of pink shrimp off Mozambique, used for 
backward projection of" expected catches", and estimation of probabilities of capture from 
the relation between numbers of shrimp caught to number expected (Pauly, 1984 ). The curves 
were constructed from the pooled data in Table 1 and 2, and straight lines fitted only to 
the first 3 points of the descending right arm of the curve. The preliminary estimates of growth 
parameters used were CL00 = 48.0 mm, K = 1.08 year-1 for the males (see text). 
ages from mean lengths should be substantially greater than the largest length group with catch-at-
age data while the K value used should be made compatible with that Loo value (as was done here). 
Natural mortality was estimated from M = 2K, and terminal mortality was set equal toM. 
The results presented in Table 5 and in Fig. 6 show that the larger length groups are most strongly 
exploited. This is in accordance with the changes in fishing pattern that occurred in the last 3-4 years; 
increasing experiences and better knowledge on the distribution of the stock has resulted in the fishery 
concentrating in areas where the shrimp are larger and more valuable. 
The results of the simulation of different fishing patterns, i.e., of moving the fishing pressure towards 
both smaller and larger length groups, are summarized in the yield isopleth diagram in Fig. 7. The 
fishing pattern given as "No 1 0", is the actual fishing pattern. The actual exploitation rate is estimated 
byE= F/(F+M), using F = 7.28 year-1 (see Table 5) and M = 2K = 1.6 year-1, leading toE= 0.82. 
Fig. 7 indicates that while maintaining the actual fishing pattern, i.e., continue to fish with the same 
mesh size, the yield-per-recruit can be increased by about 40% by reducing fishing effort by a factor 
of3. This Y !R is slightly lower than the maximum value, which could be gained by a small reduction 
Table 5. Results oflength-structured VP A on H. triarthrusoffMozambique, 
as obtained using CL= = 60 mm, K = 0.8 year-1 and M = 1.6 year-1. 
CL Average Population Fishing 
class catch mortality 
(mm) N*lo3 N*lo3 (yea.r-l)a 
4-8 0.73 159375 0.0001 
9-12 72 137420 0.0057 
12-16 601 117025 0.0516 
16-20 1047 97783 0.0993 
20-24 3333 79862 0.3596 
24-28 5084 61696 0.6579 
28-32 7820 44247 1.3398 
32-36 6414 27088 1.6542 
36-40 5958 14469 2.8850 
40-44 3768 5206 6.6114 
44-48 425 527 7.9488 
48-52 8.5 17 I.6ooob 
a Used to generate fishing probabilities of capture of fishing Pattern #I, Table 3, 
obtained by division of all F values by 7.28, the mean of the two highest F values 
set at P = 1. 
b Terminal F used for VP A, set equal to M. 
Fig. 6. Results of length-structured 
VPA for females and males H. 
tria.rthrus off Mozambique. 
Parameters used: CL = 60.0 mm, 
K = 0.8 year-1, M = 1.6 year-1 and 
terminal F = 1.6 year-1. The mean 
value ofEfor all lengths considered 
here is 0.219, corresponding to F 
= 0.448 year-1. However, F is 
concentrated almost exclusively on 
the large size groups (see text). 
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of mesh size. Reducing mesh sizes would, however, result in only a small yield increment while 
necessitating a major management effort and is thus not recommended. 
However, these estimates are based on a terminal F arbitrarily set equal to M. We do not know the 
real level of terminal fishing mortality. It could be smaller or larger, which would have a marked 
impact on the assessment presented here. It is thus very important to estimate, as soon as possible, 
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Fig. 7. Yield isopleth diagram for pink shrimp (H. triarthros) off Mozambique. 
the terminal level ofF in the most important size groups by some independent methods, e.g., through 
calibration with swept-area estimate of biomass, as demonstrated. 
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